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‘1’hc l’lasma  lixpcrimcnt for P]anclary linvironmcnls  (1’111’li) is onc of llw ncw instrument tcchaologics  being
dcmons(ratccl  with the. Ncw Millennium llmp Space Onc mission. l’lil’li will serve three purposes, ( I ) the
cllaractcli~,alioll  of lhc cnvironmcn(  induced by the Solar lilcctric l’repulsion (S1 ii’) syslcm while validating ttm
feasibility of flying high pcrfomancc  plasma illstrlllllcilt:ltioll on f[l[urc  Slil’ missions, (2) 10 carry oul s[atc-of-thc-
arl plasma mcasurcmcnls  in support of the scientific invcstip,ation d an astcmid  and Lwmct flyby, and (3) 10 valida(c.
several ncw plasma sensor tcchno]ogics  nccdcd for fu[urc  space physics and planetary missions. 1’1;1’11’s
nmasurclncnt capabiiilics  approach lhosc of the. ~:assini  ]’]asma Spcclromclct  ((~APS) inslrumcnl,  bLIl wilh much
]owc.r  rcsourm  rcquircmcnls,  al a lower cosl and dc]ivcrcd  on a much fas~cr time [ahlc. PIIYIi will pmvidc  three
dimensional nlass-rcsolvcci  plasma distributions up to 30 kcV over 2,8 n slcr on a Iimc frame of 64 scccmls. l’111’Ii
simultaacously  measures tmtl~ ions and electrons and provides energy pcr charge analysis and time-of-fligh[
lllc:lslilcl~lct~ls  10 yic]d  high rc.so]utim  mass analysis. I)ciails of the P] il’l; design arc prcscntcd  as wcil as aa
overview of both the Icchnology and scientifically driven mcasurcmcnt  objcclivcs.  ‘J’hc potcnlial  fu[urc  applications
of I’IL1’11 tccl)no]ogy arc also discussed.

‘1’hc l)ccp Space-1 (I JS- I ) mission is the first  in NASA’s Ncw Millennium Program, ‘J’hc primary focus c)f Ilic
program is 10 dc.moas(ra{e and validate nc.w Icchnologics  for usc in fulurc  space exploration. ‘1’hc Plasnla
1 ixpcrimcn(  for l’lanctary  llxploration  (1’lil’li) is included in lhc 1) S- 1 payload 10 participate in the validation of the
Solar 1 llcclric l’mpu]sion  (S10’) tcchno]ogy and 10 supporl  the invcsligalion  of 1) S- 1‘s p]imary  scicncc  targets, a
comcl and an asteroid as well as dcn]onstrati[}g ncw space plasnla olmcri’ation tcchndogics.

‘1’hc 1’1 ;}’1 i instrument invokes ncw tcchno]ogics combined with a novc] design of clcclros[a(ic  opt ics [0 providing
slalc-of-the-ar[ plasma mcasurcmcnls  for  both ions and clcclrms. ‘1’hc 1) S- 1 mission will serve to validate (I]c ncw
tcchno]ogics  of l’l;l’li, the fcasibili[y of flying high pcrfomancc  plasma illslrlll)lcl~tatio]l  on spacecraft equipped
with S1 II’, the characlcriz.ation  of space.craft cffc.cts associated with SIil’, and wil l  pmvidc fundamcn(al
Inc:wurcmcnts of lhc physical proccsscs in (})c solar wind and ll]c interaction of the solar wind wilh mmcls  and
asteroids.

NIW ‘J’lWI lNO1.01;IK4

‘1’hc l’lil’l; design is, in part, an c.volution  of the Cassini l’lasma Spcctromctc]  (CAPS) (YoLIng ct al. 1996) with
mmlifica[ions  fc)cuscd oa reducing rcsourcc rcquircmcn[s  while nlain[aining  slate-of-lhc-atl high pcrformancc,
l’1il’1 t provides nearly the performance. of the ~AI’S instrument (c.g, Plil’1}’s  energy range is 3 CV to 30 kcV,  that of
C~A1’S  is 1 CV [o 50 kcV) for approximately 20% of the mass, 25%, of the powcI  and 25% of the COSI.  ‘J’hc primary
ncw Icchnologics  arc:

(1) a miniaturiz.cd  linear electric field high resolution time-of-flighl mass spcclromctcr  appmximatc.ty tcn times
slmdlcr in volume than C.Al’S,

(2) a confocal idclcclron clcclroslatic  optics design providing plasma ]I]c:islirclllc]lts  will] wide energy ancl angle
covcragc  at high scnsitivily,

(3) low rcsourcc  high spccci (> 1 G}l?,) clcclronics  for partic]c dctcclion and t imc-of-fl  ight mass spcclromc[ry,

(4) low rcsourcc  high vo]lagc.  power suppl  ics for  dctcclors  and clcclms[atic  optics requiring 75%J less mass than
{~A1’S power supplies,



.“

(5) an cmbcddccl scIIs(Jr/clcc[r[)llics  packaging hxbniquc  using cwlocalcd  oplics and clcc[ronics,

(6) low rcsoLll  cc high pcr(ormancc Ccn[ra] processing unil (CIW)  lailorcd 10a lime-of-fligt~[ scam and requiring
lCSS [ban 5(WL of tbc. ~A1’S 0’U rcsmrccs.

‘1’bc con]l>inalion  of these ncw lccbnologics with  tbc novel o])[ical dcsiga pmvidcs Pill’1{ with tbc. abilily 10 obtain
rtipid cncr~y pcr charge, mass pcr charge, and vcloci(y  dis(ribu[ions  of ion spccics and clcclrons  simullancollsly.
MOSI data is cxpcc(cd  [o bc compressed at approximatcl  y 150:1 prior to transmission.

Nominal  operations will
require tc.lcmctry ra(cs of 50 bps. Occasional high time resolution observations near Ibc comcl and aslcroi(] targets
wi II require sbor[ pcrids of 1 kbps data rates.
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10 the apptoprialc  energy analyzer by clccttos(atic  dcflcc[iml  using twO cxpOncntially  shaped dcfcctiOn plates
charged 10 OppOsi(c  pOlarily. ‘J’hc parliclcs  arc then cOllima[cd  aad dcllccled  into an ion or clcclron  tomidal  topllat
clcclmslalic  analy?,cr  (Ymng cl al. 1988).  ‘J’hc inmming  iOns arc dire.ctcd into a -15 kV field wbicb  accclcratcs
Ibcm in10 altra tbia carlmn fOils which in tLlt’n emit clcc(rms  slatling  tbc tinw-Of-flight timing  circailry. lms with
cnclg, ics ICSS than I 5 kV “bwlncc “ in lhc liacar  clcclric  flcld providing (bc basis fw high rcsOILlliOn linlc-of-fli~hl
velocity analysis (Mcc.mnas ct al. 1990). ‘1’hc incoming c.lcctmns  arc dircc[cd by (}IC clcc[msta(ic  analyy,cr  mto a
cmvcrsim  dyndc.  stimulating sccmdary  clcc(rm  cmissim  which is dctcc(d by tbc clcctmn micmchanncl  p]atc.

l.lislnllwll l’c’rrwlnancc

1’1 il’li is capable Of mcasal ing iOns frOnl 3 cV (0 30 kcV and clcdmns frmn 1() cV (0 1() kcV  will] e n e r g y
rcsolation of 0.05. Gmplctc  covcragc  of the energy dis[ribatim is accotnplishcd  by voltage stcppin~. A cmnplc IC
scan rcqaircs 2048 slcps Of lhc angle dcJlccli On and cncrf,y clc.llccli On Op[ics;  tmwcvcr, tbc nambcr Of s[cps can be
defined based On mOdc clmicc, lnslantanccms high rcsOlaliOn  mass analysis is prOvidcd fOr Ibc rar~gc Of ] [0 I 35
alna with  a M/AM of 50 (l; WHM). lllcvatioa angle is sanlplcd in 5 dcgrcc  s(cps for a full range of 90 dcgrccs.
A~in~a[hal  angle is ob(ainccl ins[an(ancoas]y will) 45 dcgrcc rcsolation  for the fall 360 dcgrcc range (minus
sp:lCCC1’dl dwlmclims) with OllC 45 dcgtcc scclm far[llcr sabdividcd in10 5 dCgtCC fiat Icso]ll(ion  SCCtOIS.  ‘J’llc
clcvatim  angle and energy scan modes arc. defined sach tbal elevation angle is slcppcd tbmagb (IIC fall 90 dcgrcc
mn~c in 1 scmnd.  Sampling each energy slcp al 30 ms, I’IiI’ll Oblains  a fall lhrcc  dimcns iOnal scan in atmal 1
minatc. A sammary  of Ibc 1’1;1’1{ pcrfmmancc is pmvidcd in ‘1’ab]c 1,
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QIUJICC’J’1 VZS AN1) OPI1RATIONS

‘1’hc primary c)bjcctivcs Of tbc I’l Tli ins(ramcnt  arc a cOlnbinatiOn  Of tcchnOlOgy  validation and scicn(if]c
invcsligalim.  ‘lhc lcchnOl Ogy validation invOlvcs  undcrslandins  [bc c.lfccts 01 S1 iI’ On Ihc spacccraf( as WCII as
dctcrlnining whdhcr  ccmdi(ims assOciatcd with SIH’ cOn]prOnlisc the pcrfwmancc  m bcal[b Of plasma scnsms. ITI
:iddil iOn 10 Ihc tcclmOlOgy  valici ati On assOciatcd  will] S1;1’, lhc ncw tccha OlOgy iacOrpOralcd in (IIC  1’10’11 design alsO
rcqaircs validatim,  al(lmagh,  (his will in par( be tcs(cd in prc-laancb calibration, ‘1’hc  scicncc  dljcc(ivcs  Of PI:1’11
parallel tlmsc.  Of lhc 1) S- 1 mission aa(i arc focascd on sOlar wia(i,  cwnclary an(i aslcroi(i scicncc.

l’lil’11 OpcraliOns  arc cmnpriscci  Of  lwO (iislinct i~i]ascs cOrrcsimnciing  10 the two Olljcctivcs dcscrii>cd  almvc.
Validation Of the Slil’ (cchnOlOgy rcqaircs  I’lil’li 10 prOvidc. l~]casllrclllcll(s  Of (he cffcc(s On (he space plasma
cnvimntncnl  associatcci witil lhc prOpulsiOn  systcm. IJLlring pcrimis  wilcn the SIil’ is active, high rcsOlatiOn mass
analysis will provide dclailcd cl~alac(criz,atiol~ of (IIC pmlac(s of (IIC pmpalsim sys(cm SLICI1 as Xc+ and Mo’.
l;flccls on lilt solar win(i  i)iasma aaci si>acccrafl  ci)arging  wili bc stmiicd in cic.lail almg will] establishing bcallb anti
safct y issacs regarding the usc Of plasma scnsms wilt] S1 0’. A fandalnca(al goal of l’lil’li is to ICS( (hc ability to



obtain rcliab]c  iafmna(im m physical prOccsscs  in lllagllctoslJllctic  aml solar wiad plasmas oa future S1 {1’ c.quipped
spacecraft.

‘1’hc primary scic.mx d}jcctivcs  01 1X-1 will bc Obtaiacd  dLtring pcrids wbca tbc Slil’ is Ofl. lJLlritl~ crLlisc  l’}il’};
will sludy Ihc solar wind im and C.]cctma vclmi[y distribLltims,  im Cmlpmili[m  and sLlpratbcrala} distribLllimls
alOag will] dc(ailcd iavcs(igatimj  Of solar wind bmndarics  such as high speed shcams, sbmks, aad cmmal mass
cjcctims. At the comet cncouatcr  Plil’l; will scarcb for pick-up ions, coma plasmas rclaled [o mltgassiag and tbc
iatcracliwl  of tbc cmnct with  lbc sOlar wind.  l’fiPIi is particularly adept at mcasu]-iag  im cmnpmitim  iacludiag  tbc
wa(cr group iOas im]mr[ant  in cmnctary physics. l)urillg lbc asteroid flyby, l’1[1’li  will scarcb fOr any astcrOid
at mmpbcrc  rcsul[ing  fmm  surface mltgassing  and pbOtOiOai m(im. ~.llar:lctcrizalioll  Of tbc pmccsscs surmLla(iiag
(I)c astcmid wili bc uscci tO iavcs[igatc. wbc(ilcr  as(cmids arc magacti?cd  as suggcstc(i by tile Gal ilcO magnc(mnctcr
(cam dutiag  tbc clmc  fiyby  of tbc Gaspra  asteroid.

1~(1’1’[ll{lc AI’1’I,ICA”l’IQNS

‘1’hc l’l;l’}i  (icsiga Offcrs higil scnsitivi(y,  bigb rcsOi Ll(iOa lncasurcmcnts Of  p lasma cOmpositiOn and vclOci[y
(distributions [it a fraction  of the rcsmlrccs  required by tladitimal plasma il~s(riltl]clltatiol~. A number of tbc acw
tcci]nologics  bc.inp, {ic.vclOpcd  fm 1’JH’11 a r c  impmlaat  ia dclnoaslratiag, lhc ai~ility 10 Obtaia  ili~b  scasitivi(y
mcasurcmcn(s  wilimut sacrificing bigil  mass mOILltiOa Ovcr a wi(ic  raagc Of mass aa(i energy. ‘1’ilc applications Of
l’lil’l; tcci~nOiOgy arc particularly wcii  suilcci  fOr pcrfmnin.g  lial[il Orbitiag an(i deep si~acc  missims  al a fraclioa  Of
tim cmls  Of prcvims cicsigns. I’1{1’li is well  suikd to explore solar wiad  ad ]I]agl)ctos[}l)cric  scicacc. objcclivcs
wllilc maintaiaiag  Iilc  versatility Of Offcring tim im compOsitiOa  lacasL[rcmca[s  impmlaat  in cxi~lOring tbc tc.rrcs(rial
p]aacts and (I]c sate.llitcs of tbc oLi[cr plaacts. Iatliguiag rcsul(s from rccc.at flybys of tbc Joviaa  mmas  10 aad
[iaaymc(ic  arc  (icmons[ta(iag,  tiIc impor[aacc  of studyit)g tbc iatclactims  of satcliitcs  wilil magaclmpi~crcs in
uadcrslaadiag  tbc past aad prcscat  physics Of Our sOlar syslclu. l’lil’li based designs arc currently parl of two
)iscovcry  missioa propmals to stuciy Mercury an(i ti]c Martian moon l’helms,

Ackllo\}’lc(lgl)lcllts

l’lil’}1 is a join( dc.vciopmcn( of ti~c Srtu[i)wcs( Rcscarcil  las(i[Ll[c aa(i ti]c. I m Alamos Na(imai  1.atmratmy  and is
uadd by Ibc Offlcc of Space Scicacc  of tbc. Nntimal Acmaaatics  and Spare Admiaistratim uadc.r .lct l’mpulsim
.abmilmv Lmlracl No. 960619 (o SOLIIi~wcsI  Rcscfircb lns[i(u(c and uadcr NASA 1)1’1< WO 9066 to I m Alam(.)s

National l~abwatory. A Ixm(ioa  of the work dcscribcd  in tilis  paper was pcrfmmcd  al ti~c Jet l’ropulsim 1,aboratwy,
Cal ilomia las(itu(c”of  ‘1’c~%aolo.gy  under cmtrac(  to (IIC Na(ior;al’  Acrma~l[ics  ad Space A(lll~illis”(rzl(i[)I}.
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